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(ICP-OES), # KAt it Ak, RAAF AN FEEZ IEWE, iR FMEEHITEANT., E
REH R T, ICP-OES &i2 LM AHMAFE 1400 W, FALKAE 0.7 L/min, W& E 14 mm,
#HRE 1.5 mL/min. AREMANGEARE M AKX ZHKRT 0.999, AT AEBES 0.76%~1.27%, 4n
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, 10 ICP-OES
(ICP-OES), 1.3.2
ICP-OES ,
2 b (
Iy . )
1 ABE7TE
1.1 ZRAE S A :
1.0 mL 1000mg/L
HNO; (GR, ), 100 mL R Milli-Q ,
(1000 mg/L, , 10.0 mg/L
) 5 50mL 5.0 mL
10.0 mg/L s 1%
1y 3 L
1.2 BRELHEE o 0.0 0.2 0.4
( PerkinElmer ), Milli-Q Direct8 (1) ICP-OES
( Millipore )
1.3 MEFiE 00 02 04 0.6 0.8mgL ,
1.3.1 )
0.45 um , ( D
, s 0.423 mg/L,
3.5%, 10 s 10 (5.0 mL 50 mL ),
0.35%, 10 4.228 mg/L
%1 ICP-OES MNERITIESH
Tab.1 Operating parameters of the ICP-OES
RF
(kW) (L/min) (L/min) (L/min) (mm) (mL/min) (s)
1.4 15.0 0.2 0.7 14 1.5 20
B249.77 nm  B249.68 nm, B249.77 nm  B249.68 nm
2 #XREW®w ,
2.1 HATELRNRE :
B249.77 nm
ICP-OES .
wL, 22 REBTMEMGHA
10 , , ,
ICP-OES >
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Calib Eq’n: 4 = 86690 C + 36651.6
Corr Coeff: 0.999778
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1 5 L16(34) 5
Fig. 1 Calibration curve of the standard addition method ( 2
’ SPSS (141
3 R
El 3 s
. B>D>A>C,
> > ki k
R 3 , 1ICP-
A3B,C1D,,
0.7 L/min 14 mm,
1.5 mL/min
%2 ICP-OES TEZRHMHEXRWERSKF
Tab.2 Factors and levels used in orthogonal array design
C D
(W) (mm) (mL/min)
1 14 1.2
2 15 1.5
3 16 1.8
5 3.469 mg/L
4 ,
4 b
( ) A( (4.228 mg/L),
(P<0.05), ( ,
>D>A> > NN . . .
B>D>A>C, AR B R KR 4
> b
s 4
2.3 LobARik e i it :
5 ,
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#3 EXRBERRRESH@=23) Al ,
Tab.3 Results of orthogonal array design (n = 3) 3.871 4.143 4.170 mg/L
(B . , A2 ,
m
4 B ¢ D g 4211 4321 4.175 mg/L,
1 1 1 1 1 3.256 A3
21 2 2 2 5019 4344 4402 4349 mg/L,
3 1 3 3 3 4.901 Ad
4 2 1 2 3 3.370 ’ ’
3.670 4.136 4.067 mg/L,
5 2 2 3 1 3.771 Al A2 A3 Ad
6 2 3 1 2 4.695 ’ ’
7 3 1 3 2 4.252 ’
8 3 2 1 3 5.206 » A3 i
9 3 3 2 1 4.360 A2, Ad
K 13.176 10.878 13.157 11.387 > ’
K, 11836 13.996 12.749 13.966 3.670 mg/L, 4.344 mg/L, 0.674 mg/L
K; 13.818 13.956 12.924 13.477 2.5 f%éﬁ,ﬁzﬁ}?{
ky 4392 3.626 4.386  3.796 25.1
ke 3.945  4.665 4250  4.655 - [UPAC
ks 4.606 4.652 4308 4.492 [15] ( )
R 0.661 1.039  0.136  0.859 ’ 3
s ’ : 1% HNO;
L , DR , 11 R , 3
” 1.073 pg/L
x4 EXHRBRERFENME
Tab. 4 Results of variance analysis of orthogonal array design
F P
4.066* 6 0.678 48.522 0.020
167.530 1 167.530 11996.029 0.000**
A 0.682 2 0.341 24.410 0.039*
B 2.133 2 1.067 76.369 0.013*
D 1.251 2 0.625 44.787 0.022*
C( ) 0.028 2 0.014
171.624 9
4.094 8
S UR=0.993( R*=0.973); *P<0.05, ; #£P<0.01,
*5 HEBERBEBKIHEE 2.5.2
Tab. S Concentrations of boron in seawater samples from
the Yellow Sea offshore area ’
B(mg/L) ’ 6 ’
RSD R
Al 3.871 4.143 4.170 RSD  0.76%~1.27%(  6),
A2 4211 4.321 4.175
A3 4.344 4.402 4.349 2.5.3
A4 3.670 4.136 4.067 [16]
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10 0.3 04 0.5mg/L Fzo6 W EEMIRERE
3 Tab. 6 Relative standard deviations of the method
0,
3, , 94.6%~101.8%, RSD (%)
7 0.99 0.76 0.81 1.27 0.89 1.06
Fz7 FAEBRWELXR
Tab. 7 Recoveries of method
(mg/L) (mg/L) (mg/L) (%)
B 0.423 0.3 0.4 0.5 0.711 0.830 0.896 96.0 101.8 94.6
. [5] , , ;o
N
3 HiE 1. , 1999, S1: 17-24.
ICP-OES Chen Guohua, Wang Yuan, Zhang Aibin, et al. Study
on the behavior of boron and strontiumin Zhujiang Es-
’ ’ tuary[J]. Journal of Ocean University of Qingdao, 1999,
S1:17-24.
) (6] , ) .
1 400 W, 0.7 L/min, I , 1988, 10(3): 294-301.
14 mm 1.5 mL/min Sun Bingyi, Wang Yongchen, Lin Guangyan. Study on
’ ’ total alkalinity in water body of Yellow River Estuary
’ and adjacent sea area[J]. Acta Oceanologica Sinica,
> > 1988, 10(3): 294-301.
[7] , , ;o
0.999, 1.073 pg/L, [J]. 1997, 2: 35-38.
0.76%~1.27% 94.6%~ Han Qingping, Wu Ling, Xi Jianfeng, et al. Analysis of
101.8% boron and its distribution rule in the Chang Jiang Estu-
.870,

ICP-OES
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Accurate determination of boron in seawater by ICP-OES
standard addition method

SUN Ling-ling, SONG Jin-ming, YU Ying, SUN Xuan, WEN Ting-yu
(Analytical Center of Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China)
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Abstract: As an important component of seawater, the accurate determination of boron has important significance
in the study of marine environmental biogeochemistry. The traditional method for detecting boron in seawater has
many disadvantages, including the need for tedious pretreatment, being time consuming and easily polluted, and
having low sensitivity, making it unsuitable for analyzing numerous seawater samples. In this paper, we accurately
determine the boron content in seawater by applying inductively coupled plasma—optical emission spectroscopy
(ICP-OES), coupled with the dilution and standard addition methods, to solve the high salt matrix effect and inter-
ference problem. The optimum operating parameters of ICP-OES, which we determined using an orthogonal array
design, are an RF power of 1400 W, a nebulizer gas flow of 0.7 L/min, a viewing height of 14 mm, and a sample
introduction rate of 1.5 mL/min. The correlation coefficient of the linear regression equation was above 0.999. We
achieved recovery rates for this method of 94.6%—-101.8% and relative standard deviations of 0.76%—1.27%. The
detection limit of this method was 1.073 pg/L. Our analysis of actual seawater samples demonstrated this method to
be simple, rapid, sensitive, and precise, and able to effectively correct the matrix interference as well as reduce the
measurement error. This method could be used to accurately determine boron in seawater and other samples with

high salt contents.
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